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FRQGLWLRQVKDOWVDWUDLOZD\FURVVLQJRQWKHZD\GLVWXUEDQFHVLQRSHUDWLRQRIPLOOLQJPDFKLQHVRUSDYHUV
RUGLVWXUEDQFHVLQWKHSURGXFWLRQRUORDGZHLJKWLQJSURFHVVHVDWWKHDVSKDOWSODQW$W\SLFDODSSURDFKLQ
WKHZDLWLQJOLQHPRGHOVDVVXPHVWKH3RLVVRQSUREDELOLW\GLVWULEXWLRQRIDUULYDOVDQGH[SRQHQWLDORU(UODQJ
SUREDELOLW\GLVWULEXWLRQRIVHUYLFHWLPHVWKRXJKHPSLULFDOPHDVXUHPHQWVVKRXOGEHPDGHWRHVWLPDWHWKH
DFWXDOGLVWULEXWLRQRIERWK$QGHUVRQHWDO:ROV]F]DQ
7KHPDLQHOHPHQWVRIZDLWLQJOLQHPRGHOVDUH
x 6WUHDPVRIDUULYDOV
x 6HUYLFHV\VWHPV
7KHYDOXHVWKDWGHVFULEHWKHDUULYDOVDUHWKHPHDQDUULYDOUDWHȜDQGWKHPHDQVHUYLFHUDWHȝGHILQHGDV

7
 O  
8
 P  
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ZKHUH7 LV WKHPHDQ WLPHEHWZHHQ FRQVHFXWLYH DUULYDOV DQG8 LV WKHPHDQ VHUYLFH WLPH%RWKȜ DQGȝ
VKRXOGIXOILOOWKHFRQGLWLRQRIWKHV\VWHP¶VVWDELOLW\ OP t ±LIWKLVFRQGLWLRQLVQRWPHWWKHZDLWLQJOLQH
ZRXOGJURZLQILQLWHO\±WKHXQLWVZRXOGDUULYHTXLFNHUWKDQWKH\FRXOGEHVHUYHGDQGOHDYHWKHV\VWHP$
JHQHUDOL]HGIORZFKDUWRIDZDLWLQJOLQHV\VWHPZLWKPXOWLSOHVHUYLFHFKDQQHOVLVVKRZQLQ)LJXUH


$55,9$/6O :DLWLQJ '(3$5785(6
RYHUIORZ
Pϭϭ
PϮϭ
Pŝϭ
PŶϭ
PϭϮ
PϮϮ
PŝϮ
PŶϮ
UHVLJQDWLRQ
Pϭũ
PϮũ
Pŝũ
PŶũ
Pϭŵ
PϮŵ
Pŝŵ
PŶŵ

)LJ*HQHUDOIORZFKDUWRIDZDLWLQJOLQHV\VWHP
,Q)LJXUHWKHLQGH[LL QRIDSDUDPHWHUȝLMWKDWGHVFULEHVDVHUYLFHSURFHVVVWDQGVIRUWKH
QXPEHURIWKHVHUYLFHFKDQQHODQGWKHLQGH[MM PLVDQXPEHURIVHUYLFHSURFHVV(QWUDQFHWR
WKH V\VWHP DV D SURFHVV LV FRPSRVHG RI DUULYDOV WR WKH V\VWHP 7KH HQWUDQFH LQYROYHV TXHXLQJ
UHVLJQDWLRQIURPWKHVHUYLFHDXQLWOHDYLQJWKHZDLWLQJOLQHDQGRYHUIORZLQWKHFDVHWKDWWKHZDLWLQJOLQH
LV WRR ORQJ DQG WKHUH LV QR VSDFH WR DFFRPPRGDWH QHZ DUULYDOV EORFNHG DUULYDOV 7KH ZDLWLQJ OLQH LV
IRUPHGDFFRUGLQJWRZDLWLQJOLQHUXOHVWKDWFRQFHUQRUGHURIEHLQJVHUYHGHJ
x ILUVWFRPHILUVWVHUYHG
x DFFRUGLQJWRDVVLJQHGSULRULWLHV
x UDQGRPRUGHUDQ\XQLWLQWKHZDLWLQJOLQHFDQEHSLFNHGIRUVHUYLFHZLWKHTXDOSUREDELOLW\
7KHSUREOHPGHVFULEHGLQWKHFDVHVWXG\LQYROYHVQRRYHUIORZDQGQRUHVLJQDWLRQDVHDFKWUXFNKDVWR
EH VHUYHG± ORDGHGRU XQORDGHG7R DFFRXQW IRU WKH FRPSOH[LW\ RI WKH DFWXDO V\VWHP VHUYLFH FKDQQHOV
LQYROYHDQXPEHURIVHUYHUV±UHODWHGWRSURFHVVHVDFFRPSDQ\LQJSDYLQJDQGPLOOLQJWKHSURFHVVHVDUHWKH
VDPHLQHDFKVHUYLFHFKDQQHO7KH00PPRGHOZLWKQRORVVHVZDVFRQVLGHUHGPRVWVXLWDEOHIRUWKHFDVH
:ROV]F]DQ/HV]F]\QVNLLWVJHQHUDOIORZFKDUWLVVKRZQLQ)LJXUH

P P P P
P
P
P
:DLWLQJOLQH

)LJ*HQHUDOIORZFKDUWRI00PPRGHOZLWKQRORVVHV
7RILQGVROXWLRQVIRUDV\VWHPZLWKDQXPEHURIVHUYHUVDORQJDVHUYLFHFKDQQHOWKHIROORZLQJIRUPXODV
PD\EHDSSOLHG:ROV]F]DQ/HV]F]\QVNL
x WKHPHDQQXPEHURIXQLWVLQWKHZDLWLQJOLQHȡ
P
OU   
x WKHPHDQXWLOL]DWLRQUDWHRIDVLQJOHVHUYHUX
PX
U  
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7KHV\VWHPFDQEHLQRQHRIWKHIROORZLQJVWDWHVFRQVLGHULQJWKUHHVHUYHUVDVLQWKHFDVHRIWKHVHUYLFH
V\VWHPUHODWHGWRPLOOLQJWKHROGZHDULQJFRXUVH
x DOOVHUYHUVDUHIUHH
x RQHVHUYHULVEXV\
x WZRVHUYHUVDUHEXV\
x WKUHHVHUYHUVDUHEXV\
,I WKH V\VWHP LV LQ RQHRI WKH WKUHH ILUVW VWDWHV WKDQ DQHZ DUULYDO FDQEH LPPHGLDWHO\ VHUYHG LQ WKH
IRXUWKFDVHWKHDUULYDOKDVWRZDLWLQOLQHXQWLORQHVHUYHULVIUHH
:DLWLQJOLQHV\VWHPPRGHO00IRUPLOOLQJ
7KUHH VHUYLFH FKDQQHOV ZHUH DVVXPHG LQ WKH V\VWHP ([SRQHQWLDO SUREDELOLW\ GLVWULEXWLRQ ZDV
FRQVLGHUHG WREHDQDSSURSULDWHGLVWULEXWLRQRI VHUYLFH WLPH LQ WKLVFDVH7KHV\VWHP LVRUGHUHG VHUYLFH
FKDQQHOVDUHQXPEHUHGDQGFRQVHFXWLYHDUULYDOVDUHWDNHQRYHUE\WKHILUVWIUHHVHUYLFHFKDQQHO$VZDV
GHWHUPLQHG LQ WKH RQVLWH PHDVXUHPHQWV WKH PHDQ VHUYLFH WLPH LV 7 PLQXWHV 'XULQJ WZR GD\V RI
ZRUNV  WUXFNV KDYH EHHQ VHUYHG &DOFXODWLRQV ZHUH PDGH IRU PLQXWHV LQWHUYDOV RI WKH PLOOLQJ
PDFKLQHV¶ZRUNLQJWLPH7KHUHVXOWVZHUHREWDLQHGIRUTXDUWHUVRIDQKRXU7DEOH
7DEOH&KDUDFWHULVWLFYDOXHVIRUWKHPLOOLQJV\VWHPPRGHO
,WHP 9DOXH
0HDQVHUYLFHWLPHPLQXWHV 8 
0HDQDUULYDOUDWH Ȝ 
0HDQVHUYLFHUDWH ȝ 
0HDQOHQJWKRIZDLWLQJOLQH ȡ 
0HDQUDWHRIXWLOL]LQJRQHVHUYHU X 
:DLWLQJOLQHV\VWHPPRGHO00IRUSDYLQJ
7ZR VHUYLFH FKDQQHOV ZHUH DVVXPHG LQ WKLV V\VWHP 3UREDELOLW\ GLVWULEXWLRQ RI VHUYLFH WLPH LQ HDFK
FKDQQHO ZDV DVVXPHG WR EH H[SRQHQWLDO 7KH V\VWHP LV RUGHUHG VHUYLFH FKDQQHOV DUH QXPEHUHG DQG
FRQVHFXWLYH DUULYDOV DUH WDNHQ RYHU E\ WKH ILUVW IUHH VHUYLFH FKDQQHO $VZDV GHWHUPLQHG LQ WKH RQVLWH
PHDVXUHPHQWV WKHPHDQ VHUYLFH WLPHZDV7 PLQXWHV'XULQJ WZRGD\VRIZRUNV  DUULYDOV KDYH
EHHQ VHUYHG &DOFXODWLRQV ZHUHPDGH IRU PLQXWHV LQWHUYDOV RI WKH SDYHUV ZRUNLQJ WLPH 7KH UHVXOWV
ZHUHREWDLQHGIRUTXDUWHUVRIDQKRXU7DEOHSUHVHQWVWKHFKDUDFWHULVWLFYDOXHV
7DEOH&KDUDFWHULVWLFYDOXHVIRUWKHSDYLQJV\VWHPPRGHO
,WHP 9DOXH
0HDQVHUYLFHWLPHPLQXWHV 8 
0HDQDUULYDOUDWH Ȝ 
0HDQVHUYLFHUDWH ȝ 
0HDQOHQJWKRIZDLWLQJOLQH ȡ 
0HDQUDWHRIXWLOL]LQJRQHVHUYHU X 
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:DLWLQJOLQHV\VWHPPRGHO00IRUORDGLQJPL[WXUHDWWKHDVSKDOWSODQW
$VLQJOHVHUYLFHFKDQQHOZDVDVVXPHGLQWKLVV\VWHP3UREDELOLW\GLVWULEXWLRQRIVHUYLFH WLPHLQHDFK
FKDQQHOZDVDVVXPHGWREHH[SRQHQWLDO$VZDVGHWHUPLQHGLQWKHRQVLWHPHDVXUHPHQWVWKHPHDQVHUYLFH
WLPHZDV7 PLQXWHV'XULQJWZRGD\VRIZRUNVDUULYDOVKDYHEHHQVHUYHG
&DOFXODWLRQVZHUHPDGHIRUPLQXWHV LQWHUYDOVRI WKHDVSKDOWSODQWZRUNLQJ WLPH7KH UHVXOWVZHUH
REWDLQHGIRUTXDUWHUVRIDQKRXU7DEOHSUHVHQWVWKHFKDUDFWHULVWLFYDOXHV
7DE&KDUDFWHULVWLFYDOXHVIRUWKHPL[WXUHORDGLQJDWDVSKDOWSODQWV\VWHPPRGHO
,WHP 9DOXH
0HDQVHUYLFHWLPHPLQXWHV 8 
0HDQDUULYDOUDWH Ȝ 
0HDQVHUYLFHUDWH ȝ 
0HDQOHQJWKRIZDLWLQJOLQH ȡ 
0HDQUDWHRIXWLOL]LQJRQHVHUYHU X 
6XPPDU\DQGFRQFOXVLRQV
5HSDLU RI WKH H[LVWLQJ URDGV DUHXQDYRLGDEOH DQGQHFHVVDU\ IRU WUDIILF VDIHW\ UHDVRQV1HZPDWHULDOV
DQGWHFKQRORJLHVDUHEHLQJGHYHORSHGWRSURYLGHYDOXHIRUPRQH\EXWVHDPOHVVH[HFXWLRQRIZRUNVZLWK
PLQLPXPHIIHFWRQQRUPDOWUDIILFVWD\VDFKDOOHQJHIRUWKHFRQWUDFWRUZKRLVWRSODQWKHORJLVWLFVZLWKWKH
XWPRVWFDUH
,QWKHSDSHUWKHDXWKRUVSUHVHQWHGDFDVHVWXG\RIDKLJKZD\UHSDYLQJSURMHFWRQVLWHPHDVXUHPHQWV
DQGPDWKHPDWLFDOPRGHOLQJRIORJLVWLFSURFHVVHV7KHDVVXPSWLRQVDUHIROORZLQJ
 7KHPRGHOVDSSO\WRFDVHVSHFLILFUHSDYLQJZRUNV
 7KH RQVLWH PHDVXUHPHQWV DQG REVHUYDWLRQ RI WKH ZRUNV ZHUH WR SURYLGH LQSXW IRU PDWKHPDWLFDO
PRGHOLQJZDLWLQJOLQHV\VWHPPRGHOV
 $ZDLWLQJOLQHV\VWHPPRGHOFDQEHFKDUDFWHUL]HGE\WKHPHDQUDWHRIXWLOL]LQJDVLQJOHVHUYHUX)RU
WKHSDUWLFXODUPRGHOVWKHIROORZLQJYDOXHVZHUHFDOFXODWHG
x 7KHPRGHORIPLOOLQJWKHROGZHDULQJFRXUVH±X 
x 7KHPRGHORISDYLQJWKHURDGZLWKDQHZZHDULQJFRXUVHRIDVSKDOWPL[WXUH±X 
x 7KHPRGHORIORDGLQJDVSKDOWPL[WXUHDWWKHEDWFKLQJSODQW±X 
7KHVHYDOXHVLQGLFDWHWKDWLQWKHFDVHRIWKHDQDO\]HGSURMHFWWKHEDWFKLQJSODQWLVWKHEXVLHVWVHUYHU
7KH RQVLWH PHDVXUHPHQWV DQG WKH DQDO\VHV PD\ SURYLGH LQSXW IRU WKH FRQWUDFWRU¶V SODQQLQJ RWKHU
VLPLODUSURMHFWV¶ORJLVWLFSURFHVVHVDWOHDVWLQWHUPVRIGLVWULEXWLRQRIWLPHRISDUWLFXODUSURFHVVHV
 1DWXUDOO\ WKHVH GLVWULEXWLRQV DUH VSHFLILF WR SDUWLFXODU FLUFXPVWDQFHV (VSHFLDOO\ SURFHVVHV UHODWHG
ZLWK WUDQVSRUW RI PDWHULDOV DUH KLJKO\ DIIHFWHG E\ WUDIILF FRQGLWLRQV DQG FRQILJXUDWLRQ RI WUDQVSRUW
URXWHV'LVWULEXWLRQSDUDPHWHUVRIVHUYLFHWLPHVDWWKHDVSKDOWEDWFKLQJSODQWDQGDWWKHEXLOGLQJVLWHDUH
RIPRUHXQLYHUVDOFKDUDFWHU
,QHYLWDEO\WKHPRGHOVDUHDIDUJRLQJJHQHUDOL]DWLRQRIWKHUHDOLW\0RUHFRPSOH[DQGKRSHIXOO\PRUH
SUHFLVHPRGHOVFRXOGEHEXLOWDQGRWKHU WHFKQLTXHVDVHJVLPXODWLRQVFRXOGEHDSSOLHG1HYHUWKHOHVV
RQO\RQVLWHPHDVXUHPHQWVFDQSURYLGHGDWDXSRQWKDWVXFKPRGHOVFDQEHEXLOW

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$FNQRZOHGJHPHQWV
7KH ZRUN LV D SDUW RI WKH UHVHDUFK SURMHFW 1R %7 IXQGHG E\ 1DWLRQDO &HQWUH RI
6FLHQFHLQ.UDNRZ3RODQG7KHDXWKRUVJUDWHIXOO\DFNQRZOHGJHWKHVXSSRUW
5HIHUHQFHV
$QGHUVRQ'56ZHHQH\'-	:LOOLDPV7$$QLQWURGXFWLRQWRPDQDJHPHQWVFLHQFH4XDQWLWDWLYHDSSURDFKWRGHFLVLRQ
PDNLQJ1LQWK(GLWLRQ6RXWK:HVWHUQ&ROOHJH3XEOLVKLQJ
%LUXN 6 -DZRUVNL -DZRUVNL 	 7RNDUVNL =  3RGVWDZ\ RUJDQL]DFML UREyW GURJRZ\FK )XQGDPHQWDOV RI URDG ZRUNV
RUJDQL]DWLRQLQ3ROLVK:DUV]DZD3:1
-DZRUVNL . 7RNDUVNL = %LUXN 6 	 1RZLFNL . 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 0RGHORZDQLH VWUXNWXU\ WHFKQLF]QRRUJDQL]DF\MQHM SU]HGVLĊZ]LĊü
EXGRZODQ\FK 3URMHNW EDGDZF]\ .RPLWHWX %DGDĔ 1DXNRZ\FK 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&RQGLWLRQV RI WKH GHYHORSPHQW RI
3ROLVKWUDQVSRUWLQ3ROLVK:DUV]DZD5DGRP,QVW\WXW7HFKQRORJLL(NVSORDWDFML3DĔVWZRZHJR,QVW\WXWX%DGDZF]HJR
3LODW-	5DG]LV]HZVNL3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1DZLHU]FKQLHDVIDOWRZH$VSKDOWSDYLQJLQ3ROLVK:DUV]DZD3:1
7RNDUVNL=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+RODQG/(21$5'2'$9,1&,3URJUDPPH*UDQW5HSRUW%UX[HOOHV
6RERWND$/RJLVW\NDSU]HGVLHELRUVWZLSU]HGVLHZ]LHFEXGRZODQ\FK/RJLVWLFVRIFRQVWUXFWLRQHQWHUSULVHVDQGFRQVWUXFWLRQ
SURMHFWVLQ3ROLVK.UDNRZ$*+
:ROV]F]DQ-=DVWRVRZDQLDWHRULLPDVRZHMREVáXJLZWUDQVSRUFLHVDPRFKRGRZ\P$SSOLFDWLRQVRITXHXLQJWKHRU\WRURDG
WUDQVSRUWLQ3ROLVK:DUV]DZD:\GDZQLFWZD.RPXQLNDFMLL/DF]QRVFL
(1%LWXPLQRXVPL[WXUHV0DWHULDOVSHFLILFDWLRQV3DUW3RURXVDVSKDOW
(1%LWXPLQRXVPL[WXUHV0DWHULDOVSHFLILFDWLRQV3DUW5HFODLPHGDVSKDOW
(1%LWXPLQRXVPL[WXUHV0DWHULDOVSHFLILFDWLRQV3DUW)DFWRU\3URGXFWLRQ&RQWURO

